Abstract Vanishing bone disease (VBD) is a rare disease of unknown etiology which is characterised by progressive replacement of bony framework by proliferation of endothelial lined lymphatic vessels. It has been given numerous names like massive osteolysis, Gorham's disease, phantom bone disease, and progressive osteolysis. It has no age, sex or race predilection. It may involve single or multiple bones and spread of the disease does not respect the relevant joint as boundary. The first report of the disease was published around two decades back but the mysterious nature of its etiology and ideal management strategy has still not been completely unfolded. The disease may functionally or aesthetically effect the patient and also has the potential to be life threatening. The first case of VBD in maxillofacial region was reported by Romer in 1924, Handbuch der speziellen pathologischen Anatomie and histology, Springer, Berlin. Since then, there have been few case reports of the same in maxillofacial region. We present a review of cases of VBD in maxillofacial region reported in literature along with our experience of a case.
Introduction
''Vanishing bone disease'', as the name suggests, is a condition in which any bone starts vanishing or disappearing. The word ''vanishing'' has been used with respect to the disease's radiographic presentation. It is an extremely rare disease with around two hundred cases reported so far. About 30 % of these cases have been reported in maxillofacial region. It has been addressed by various authors as per their observations and nature of the disease by different names viz. Vanishing bone disease, Gorham's disease, phantom bone disease, acute essential bone resorption, spontaneous or progressive or idiopathic osteolysis, hemangiomatosis and lymphangiomatosis.
Credit of the first report of this condition goes to Jackson who observed gradual 'vanishing' of humerus of a young male patient following fracture [1] . He reported the case as ''A boneless arm'' in 1838 and again published his perspective on the same condition in 1872. He speculated that this was one of the complications of traumatic insult to the bone. There was a latent period of about half a decade before Romer reported the first case of a bone disappearing in maxillofacial region in a middle aged woman [2] . Its first detailed description was given by Gorham in 1954 and Gorham and Stout in 1955 [3, 4] . Since then few authors have reported the occurrence of this disease in different bones of human skeleton. Because of the rarity of the disease, there is no case series from a single author/institution or established line of treatment for the same. Reviews of case reports published in literature have guided us in understanding the demographic, clinical, radiographic and management aspects of the disease.
The disease can be seen in any age group but is mostly prevalent in young adults. There is no gender or racial predilection. Genetic predisposition is not thought to play a role. Presenting complaints may include pain, swelling or inflammation of overlying soft tissue. Patients have also presented with pathologic fracture of the involved bone with revelation of the disease on radiologic investigation. The disease is mainly monostotic but polyostotic/multicentric cases have also been reported. Most commonly involved bones are pelvis, humerus and mandible [5] [6] [7] .
Various theories have been put forth to explain pathogenesis of the disease. These include abnormal proliferation of vascular tissue; activation of silent hamartoma by minor trauma; hydrolysis by enzymes due to local hypoxia and acidosis; stimulation of osteoclasts due to increased sensitivity of osteoclastic precursors to humoral factors promoting osteoclast formation and bone resorption; proliferation of lymphatic endothelium with rise in circulating PDGF BB; and disordered vascular malformations [8] [9] [10] [11] [12] [13] [14] [15] .
In initial stages, the bone is rapidly replaced by vascular connective tissue and may be associated with pain and swelling of variable intensity. Microscopic picture is that of proliferation of thin walled vessels (capillary, sinusoidal, or cavernous). In late stages, there is aggressive osteolysis with replacement of involved bone by fibrous tissue [15, 16] . Course of disease is unpredictable and severity and complications depend upon the bone/bones involved. No line of treatment has had complete consensus but if left untreated, the disease progresses to destroy the involved bone completely. Patients with involvement of thoracic cage or c-spine can lose their life to the disease and those with effected pelvis, humerus or mandible can be functionally impaired. 16 % of the cases are fatal. The figure may be high as long term follow-up of all reported cases has not been taken into consideration. It is generally believed that if the disease process stops with rendered treatment or on its own, the prognosis is good. Recurrence of disease is unpredictable and has even happened with radical resection of the diseased bone and reconstruction with free flap [5] [6] [7] .
In this article we aim at sharing our experience in the form of a case and analyzing the case reports of Gorhams disease affecting jaws with respect to presenting complaint, demographic data available, signs and symptoms and management with follow-up of the patient.
Our Experience
An 18 year old male patient reported to us with recurrent dull pain and gradually increasing swelling in right mandibular angle region since 6 months. There was no other associated symptom except few episodes of low grade fever. On examination there was an extraoral swelling of 3 cm 9 2 cm over right angle region. The swelling was soft in consistency but appeared to be submasseteric as masseter could be palpated over swelling on clenching. Earlobe was non-everted and no salivary gland abnormality was noticed. Right submandibular nodes were palpable but non-tender. Intraoral findings were normal. Orthopantomogram revealed a non-sclerotic, well defined radiolucency at angle of the mandible which was more of roundish shape (Fig. 1a) . Systemic examination, past medical history and family history were non contributory. Aspiration of the lesion was negative. Hematologic investigations including thyroid profile were all in normal range. Magnetic resonance imaging was performed. It revealed well defined, round to oval area of altered signal intensity which appeared hypointense in T1 and hyperintense in T2 window at posterior aspect of angle of mandible (Fig. 1b) . Incisional biopsy was done intraorally but was inconclusive with remarks stating ''Fibrovascular connective tissue with hemosiderin pigment deposit, the sample may not have been from representative site''. Ultrasound guided trucut biopsy was done to no advantage and similar findings were observed under microscope. We were not sure of the character of the lesion but concluded that it was benign and patient was posted for excisional biopsy under general anesthesia. The mass was tumorous, non-encapsulated, merging into adjacent tissues, neither firm nor soft with greenish-brown colour located under the masseter and occupied uniformly resorbed mandibular defect (Fig. 2a, b) . The resorption pattern of the bone did not give an impression of resorption by an extrinsic mass (which usually exhibits saucerised resorption pattern). The mass was firmly attached to the resorbed bone as well as it had created a tunnel between buccal and lingual cortices in the surrounding bone giving an impression of intra-bony centrifugal resorption (Fig. 2a) . Histological examination revealed dense fibrous collagenous tissue with few dilated capillaries and heavy deposition of hemosiderin pigment (Fig. 3a, b) .
There was an array of possible anomalies which could be considered before formulating the final diagnosis. Endocrinal and infectious etiology was ruled out by hematologic investigations. Cystic, salivary and metastatic etiology was completely ruled out by the histological picture. Clinical, operative and histological presentation pointed towards a benign intra-bony growth of fibrovascular nature. Systemic examination of the patient was normal which indicated towards a localized disease. All these findings ruled out idiopathic multicentric osteolysis (with its systemic variants) and aggressive fibromatosis. The clinical, radiological and histological findings were correlated to formulate the final diagnosis of ''Gorham's disease''. Patient was kept under follow-up for 6 months.
Serial orthopantomograms were done to confirm dormancy of disease. Patient was also symptom free. The patient however, complained of a depression at mandibular angle region. After 8 months, reconstruction of mandibular angle defect was done using porous polyethylene (Medpore Ò implant) (Fig. 4a, b) .
Review of Maxillofacial Cases
The first maxillofacial case of VBD was reported by Romer in 1924 [2] . Patient was a middle aged woman with involvement of mandible. The report was non-interventional (observational) without microscopic findings [2] . Thoma in 1933 reported a similar multicentric process in maxillofacial region of a middle aged woman involving both the jaws, palate and sphenoid bone. He reported the lesion to comprise of connective tissues and capillaries [17] . This case report was also observational and no intervention was done to target cure. Knolle and Meyer were the first to attempt treatment of maxillofacial VBD by instituting osteogenic substrates in the form of calcium, phosphate and vitamin D along with radiation to halt the disease process [18] . Phillips in 1972 attempted medical treatment of the disease with steroids, fluoride and calcium. The reason behind use of steroids was presence of chronic inflammatory cells in his microscopic analysis [19] . Booth in 1974 was the first to attempt bone grafting and metal implant for pathologic fracture secondary to VBD [20] . Murphy in 1978 used bone graft along with supportive therapy with calcium and vitamin D to treat multicentric VBD [21] . Heuch was first to use radiation as a cure for mandibular VBD [22] . He was followed by Heffez et al. [23] who opted for radiation to control multicentric VBD of facial bones. Hirayama introduced the use of bisphosphonates to arrest bone resorption and switch bone turn over to positive side [14] . Kawasaki in 2003 used combination of low dose radiation and surgery to treat multicentric VBD involving vertebra in addition to facial bones [24] . Lee in 2003 reported a case with 12 years of follow up treated with combination of radiotherapy, chemotherapy and surgery but patient was lost to chylothorax eventually [25] . Escande et al. in 2006 used interferon alpha with a proposition for it to be anti-angiogenic and lack side-effects of bisphosphonates [26] . In total 51 cases of maxillofacial VBD have been reported before our report [2, 7, . Age ranged from 4 months to 72 years with slight male predilection. Presenting complaint of the patient is also variable. Some patients report with acute onset of pain while others report with chronic dull pain in the affected jaw. Pain may be mild to moderate in intensity and may or may not be radiating in nature. Swelling is not rare. Overlying skin is usually normal. Personal and family histories are generally irrelevant. Forty-two out of 51 cases have been microscopically tested. In most of the cases microscopic findings are of a fibrous connective tissue with moderate to rich vascularity along with chronic inflammatory cells. The microscopic findings are mentioned in Table 1 . No treatment was rendered in 13 cases. Radiation was opted as treatment modality in 12 patients but was used as sole treatment modality in 7 patients. In the other 5 patients, it was used in combination with pharmacological or surgical measures. Surgical resection/curettage with or without bone grafting has been used in 22 cases. Out of these 22 cases, 14 cases have deployed surgical measures as sole treatment modality. Other 8 cases have witnessed a combination of surgery with radiation or pharmacological measures or both.
Discussion
Hardegger et al. classified idiopathic osteolytic lesions into five types based on their clinical features. Gorham's massive osteolysis (VBD) is represented in the classification as Type IV idiopathic osteolysis. Description of VBD in the classification says ''Monocentric occurrence in any part of the skeleton may start at any age. Normally hemangiomatous tissue is found in the osteolytic region. It has neither a hereditary pattern nor an associated nephropathy. The disease is benign and the osteolysis usually stops after a few years'' [62] .
There are no characteristic signs and symptoms or radiographic presentation or histological picture for VBD. Its diagnosis is more of an exclusion of other disease processes along with few common details which have been noticed in prior reports. Haffez et al. compiled these two facts and gave the following diagnostic criteria for VBD: (1) A positive biopsy, (2) the absence of cellular atypia, (3) minimal or no osteoblastic response and absence of dystrophic calcification, (4) evidence of local, progressive osseous resorption, (5) non-expansile, non-ulcerative [63] . Common underlying causes of osteolysis are infection, cancer, and inflammatory or endocrine disorders. The diagnosis of Gorham-Stout syndrome should be suspected or made only after excluding these aforementioned conditions. Aneurysmal bone cyst, distant metastasis from lungs or breast, and osteosarcoma may resemble with VBD in the radiographic picture but can be differentiated with histopathology [6] . Aggressive fibromatosis is a condition which may closely resemble VBD. However, it generally affects soft tissues (fascia and muscles) and the most common site for occurrence is abdomen. Rare extra-abdominal locations reported in head and neck region are parotid gland, tonsillar fossa and pharynx. It may involve Etiopathogenesis of the disease is still cloudy. Multiple theories have been proposed but none has been able to explain the disease process completely. Following are the few main theories:
1. Endothelial cells: Gorham and Stout were first to propose that osteolysis is caused by proliferation of endothelial lined channels which influence local environment by changing its pH and/or by applying direct mechanical force and/or consistent increase in blood flow. The other explanation for bone loss is decrease in blood flow to affected area resulting in creation of local acidic milieu which in turn promotes activity of hydrolytic enzymes. Recent literature has piled up enough evidence to state that these endothelial lined vessels are lymphatic in nature. However, the reason behind this lymphangiogenesis is still not clear. 2. Osteoclasts: The role of osteoclasts has been under investigation since a long time. A lot of investigators have found presence of osteoclasts in histopathological analysis of the excisional specimen. On the other hand, a significant number of investigators have failed to demonstrate presence of osteoclasts in the lesion. One of the explanations given for this is evaluation of lesion at different stages of the lesion (active versus dormant). It has also been suggested that the osteoclasts/osteoclasts progenitor cells of the patients are more sensitive to osteoclasts inducing factors. 3. Osteoblasts: Osteoblastic activity is generally seen to be increased in the periphery of osteolytic zone. However, in patients with VBD, this compensatory mechanism of bone turnover has not been observed at the region of interest. Also, the same mechanism seems to operate at its norm in other parts of bony skeleton. The explanation of localised suppression of osteoblastic activity is still under investigation.
With regards to diagnostic work-up, radiographic aids in form of plain radiographs, radioisotope bone scans, computed tomography and magnetic resonance imaging have been utilized. Initial radiographic findings may infer patchy bone loss as seen in osteoporosis. Later stages exhibit partial to complete dissolution of the cortical structure leading to pointed ends on either side of 'vanishing foci'. This dissolution may extend beyond the immediate joint to involve adjacent bone [64] . Bone scans show areas of decreased uptake signifying partial or complete absence of bone in advanced lesions. Computed tomography shows areas of uniformly resorbed bone and defect filled by soft tissue of fibrovascular density. However, these findings are variable. Magnetic resonance imaging has been inconsistent with presentation. T1 weighed images usually shows low signal intensity in areas of affected bone, however, T2 weighed images may exhibit moderate to high signal intensity. Administration of contrast leads to enhancement of the lesion [64, 65] . Pre-operative orthopantomogram clearly shows pointed bony ends being formed due to centrifugal resorption at mandibular angle (Fig. 1b) . MRI findings in our case have been in accordance with the literature. The lesion appeared hypointense on T1 and enhancement was seen on T2 weighed images.
Histological picture of the disease has not seen much variation, as clearly seen from the reported microscopic findings in Table 1 . The histopathological picture in this disease is not diagnostic but informative, and this information when correlated with clinical and radiological findings leads to formation of ''most probable diagnosis''. The most common presentation of the disease can be described as hyperplastic connective tissue of fibrovascular nature. Some authors have also described it as neoplastic proliferation of angiomatous tissue. In cases where bone was analysed, the microscopic picture has been a little more variable, probably depending on course of the disease. It has ranged from decrease in trebaculations, chronic inflammatory osteolysis or even sequestration resembling osteomyelitis. Chronic inflammatory cells have also been almost a consistent finding [5] [6] [7] . The final microscopic presentation in our case was in complete accordance with the literature. Additional hemosiderin pigmentation may have resulted from the two incisional biopsies done.
The use of biomarkers is under investigation. If one could identify the currently unpredictable course of disease, it would help in planning treatment more effectively. Growth factor VEGF-A (Vascular endothelial growth factor-A) and cytokine IL-6 (Interleukin-6) have been studied. These biomarkers have been observed to be elevated during active phase of the disease and their levels fall with dormancy or treatment rendered. At the same time, this correlation has not been found to be consistent in all patients [15, 66] . Other biomarkers are also under investigation. In our case, the diagnosis of the disease was made after surgical intervention, so we could not think on lines of monitoring biomarkers.
Once the diagnostic work-up tapers to the point of Gorham's disease, the main challenge is to figure out the best possible management of this condition. Since the disease was recognised as a separate entity, multiple modalities of treatment have been tried. None of these modalities were used with scientific evidence behind them. Till date, there is no trial or even a case series to support the use of any of these treatment options. However, analysis of multiple case reports has given us a vague insight into the response of VBD to these treatment modalities. However, since the disease has been reported to have predilection for spontaneous arrest, a confident projection of any treatment modality as ''Cure'' would be inappropriate.
Amongst pharmacological means, multiple agents have been tried ranging from simple osteogenic nutrients (Calcium, phosphorus, Vitamin D) to hormonal therapy with calcitonin. Steroids have been instituted due to consistent finding of chronic inflammatory cells. Anti-osteoclastic agents in form of bisphosphonates have been tried to arrest the bone resorption. Interferon alpha-2b, like other agents, also failed to elicit predictable outcome.
Surgery and radiation have been the two mainstay of treatment. Surgery is more feasible in cases of localized disease and operable region. Radiation therapy has been advocated more for inoperable areas or multifocal disease process or in case of recurrence after surgical resection/ curettage with or without reconstruction. Dosage for definitive radiation therapy is in moderate range i.e. 40-45 Gy in 2 Gy fractions. It has also been advocated to be used in low dose as adjunctive modality during active phase of disease process with the purpose of arresting osteolysis before surgical intervention is planned [67, 68] . However, radiation therapy is not deprived of its side effects which include osteonecrosis of the facial bones, malignant transformation, radiation-induced maldevelopment (especially in children), hyperpigmentation (which can be of concern especially in maxillofacial region), soft tissue constriction/ atrophy (extremely unaesthetic) and so on.
The extent of surgical intervention completely depends upon the spread and location of disease process. If a bone is completely involved with osteolysis, it may require resection. However, if the disease process is localized to a small region, marginal resection or curettage may be sufficient. Response to surgical intervention has not been predictable but it is acceptable taking into consideration the response to other modalities of treatment. As far as the consensus on primary reconstruction of the defect is concerned, the general opinion is against it. Reconstruction of the defect should be delayed until dormancy of osteolysis is confirmed. This is due to a simple fact that extension of disease or recurrence of disease has happened into the grafted segments [51] . On the other hand a case was reported where free fibula was placed to replace mandibular defect and rehabilitation with dental implants was also done successfully [55] . The location of diseased portion of mandible was favourable in our case. Usually the foci of lesion is believed to be in cancellous part of mandibular body which then gradually spreads to involve basal bone and ascending rami. In such a scenario, the goal of reconstruction is not only aesthetics, but also functional. In our case, the focus seems to be at the anatomical angle of mandible, which is a very rare site for occurrence of not only VBD but also for any other pathology. This localised osteolysis prevented loss of continuity of the mandible. Reconstruction was not done primarily but patient's persistent complaint of depression at the angle of mandible pushed us for the same after 8 months of observation. However, we were reluctant to use autogenous bone graft as we were intimidated by possibility of osteolysis of grafted segment. Hence, we opted for reconstruction with Medpore as the principal reason for reconstruction was only aesthetics, which could be easily achieved by defining the angular region with implantation of Medpore blocks.
Conclusion
Our knowledge of the Vanishing bone disease has increased enormously with respect to clinical, radiographic and microscopic presentation since its first report. However, the arenas for understanding the true etiology and deciding or predicting the management outcome are still wide open. Thus, an in-depth understanding of VBD and its management requires trials with global recruitment of the patients.
One such initiative has been the launch of lymphangiomatosis and Gorham's Disease Alliance global patient Registry (www.
LGDARegistry.org). It may help to gather patients for clinical trials.
